Neutral
We investigate the neutral hidden charm pentaquark states P 
The observations immediately attract lots of theoretical works on these two states. Various interpretations, such as loosely bound molecular states [3] [4] [5] [6] [7] [8] pentaquark states [9] [10] [11] [12] [13] [14] [15] , and anomalous triangle singularity effects [16] [17] [18] , are respectively proposed. Those calculations mainly focus on the masses of P c states, and a comprehensive discussion of various interpretations can be found in Ref. [19] . It should be noted that the hidden charm states have already been investigated by many works with meson-baryon and meson-meson interactions in the literatures, in which the masses and decay widths are calculated [20] [21] [22] [23] [24] [25] [26] [27] [28] . These states are probably the partners of the observed P c states.
Besides the static properties, the production mechanism of P c states is also an important topic. There have been some studies on the production of hidden charm states before the observations of P c states, in which only lower spin states are considered [29] [30] [31] [32] [33] [34] . In Λ 0 b → J/ψK − p decay process, only charged P c states can be observed. The γp → J/ψp reaction with charged P c production is proposed by some theoretical works and is expected to be tested by JLab experiment in the near future [35] [36] [37] . However, there is few study on the production of its neutral partners in the literature. In Refs. [14, 38] , the authors suggest that the neutral P c states can be produced via Λ b → J/ψK 0 n decay process. This situation is different from the studies of Z c family, where both the charged and neutral Z c (3900), Z c (4020), Z c (4200), and Z c (4430) etc., have been discussed and analyzed in detail both experimentally and theoretically [39] [40] [41] [42] [43] [44] [45] [46] . It is of great interest to search for the neutral P c states in addition to the charged ones. We expect that the analyses of the π − p → J/ψn reaction at J-PARC could give information about the neutral ones and therefore, provide a unique perspective to the nature of hidden charm P c states.
In the present work, we study the production of neutral P c states in the pion induced reaction with an effective Lagrangian approach. There have been several papers related to the exotic resonances at J-PARC [32] [33] [34] 47] .
In this pion beam experiments at J-PARC, the expected pion energy can reach up to 20 GeV in the laboratory frame [48] with high luminosity, which is enough to product the P c states via π − p collision, and therefore, the measurement at J-PARC can test our calculations particular for the neutral P c states.
This paper is organized as follows. In Sec.II, the formalisms and ingredients for our calculations are listed. The results of total and differential cross sections and discussions are presented in Sec.III. Finally, a short summary is given in the last section.
II. FORMALISMS AND INGREDIENTS
Here we study the π − p → J/ψn reaction within an effective Lagrangian approach, which has been widely employed to investigate the pion induced reactions [32, [47] [48] [49] [50] [51] [52] [53] [54] . The relevant Feynman diagrams are depicted in Fig. 1 . The s-channel P c states with different spinparity assumptions are involved in our analyses. The u-channel contributions are expected to be negligible due to the highly off-shell intermediate P c states. The background contributions from t-channel via π and ρ meson exchanges are taken into account, while other meson exchanges in the t-channel, such as Z 0 c (3900), are simply ignored due to their unclear structures.
The effective Lagrangians for P c N J/ψ couplings can be written as [55] :
where the vertex Γ matrix is defined as:
for positive and negative parities. In our calculation, the higher partial wave terms in eqs. (3) (4) are neglected due to the small momentum of the final J/ψN state compared with nucleon mass and due to the lack of experimental data [35] . Therefore, we have only one unknown coupling g 1 . The effective Lagrangians for P c N π vertexes are described in a Lorentz covariant orbital-spin scheme [56] :
Furthermore, we adopt the commonly used Lagrangian densities for J/ψππ, J/ψπρ, πN N , and ρN N vertexes [49, [57] [58] [59] [60] in our t-channel calculation. They are
In this work, the decay processes of P c → N J/ψ and P c → N π are calculated and the relevant coupling constants g 1 (≡ g PcN J/ψ ) and g PcN π can be obtained from their partial decay widths with different J P assignments of P c . The obtained coupling constants are listed in Table I, by assuming that the branching ratios are 10% and 1% for the P c → N J/ψ and P c → N π, respectively. In the calculation, we employ the total widths of the two P c states from experimental measurements with Γ P c(4380) = 205 MeV and Γ Pc(4450) = 39 MeV .
The coupling constants of J/ψπρ, J/ψππ, πN N and ρN N are needed as well in our calculation, and we select g J/ψππ = 8.20 × 10 −4 , g J/ψπρ = 0.032, g πN N = 13.45, g 2 ρN N /(4π) = 0.9 and κ = 6.1 according to Refs. [49, 60] . The propagators for exchanged π and ρ mesons are 
For the propagator of spin-3/2 fermion, we use
with
and for the propagator of spin-5/2 fermion, it is
whereg
From the above Lagrangian densities, the s-channel amplitude for each J P assignment of P c states can be obtained,
Here p 1 , p 2 , p 3 , and p 4 are the four momenta of pion, proton, J/ψ, and neutron, respectively; s 2 , s 3 , and s 4 are the spin projections of proton, J/ψ, and neutron, respectively. q = p 1 + p 2 is the four momentum of the intermediate P c states.
In addition, the background t-channel π and ρ meson exchange amplitudes are
where q π = p 1 − p 3 and q ρ = p 1 − p 3 are the four momentum of π and ρ mesons, respectively. In our calculations, phenomenological form factors are need since the hadrons are not point-like particles. Those form factors
with n = 1 for π meson and n = 2 for ρ meson [49] . We use the cutoff parameters Λ Pc = 0.5 GeV for P c states [35, 55] , and Λ * ρ = Λ * π = 1.3 GeV, Λ ρ = 1.6 GeV, Λ π = 1.3 GeV for mesons [49] .
The unpolarized differential cross section in the c.m.
with θ is the scattering angle of outgoing J/ψ relative to the incoming pion beam, and p are the three momenta of π and J/ψ mesons in c.m. frame. The relative phases between different amplitudes are unknown [61] . The interference terms with different choices of relative phases are calculated and these theoretical uncertainties for the total cross sections are presented. ), and background contributions, respectively. The red solid bands stand for the total cross sections due to the unknown relative phases between different amplitudes. It should be noted that the (5/2 − , 3/2 + ) assumption for (P c (4380), P c (4450)) shown in Fig. 2 (d) is not favored by experiments [1] . The P c states are firstly observed in the J/ψp invariant mass, and the P c → J/ψN decay processes can occur via falling apart mechanism. For πN decay channel, these processes are OZI-allowed and two-body strong decays with large phase spaces. Large decay branching ratios are expected, if no cc pair annihilation is considered. The suppression due to the cc pair annihilation can be estimated by a factor of (m u /m c ) 2 , where m u and m c are the constituent quark masses of light quark and charm quark, respectively. This assumption has been widely used in quark pair creation model [62] [63] [64] . The value of (m u /m c ) 2 is about 1/20 in the traditional quark model [63, 64] . Hence, our assumptions of B(P c → J/ψN ) = 10% and B(P c → πN ) = 1% are reasonable.
III. RESULTS AND DISCUSSIONS
From Fig. 2 , it can be seen that the π and ρ meson exchanges provide a significant background contribution, while the two narrow bump structures come from P 0 c (4380) and P 0 c (4450) contributions. The thin bands for total cross sections indicate that the interference effects among the different contributions are extremely small. At c.m. energy of W = 4.38 GeV and 4.45 GeV, which regions we mainly concern, these effects are invisible and can be ignored. Hence, we only present the direct summations of each contribution in the following differential cross sections. With different J P assignments, the divergences among these total cross sections are small, which can hardly be used to identify the spin parities of the two P c states. The peaks, in the figure, are in the magnitude of 1 µb at the c.m. energy W = 4.38 GeV and 4.45 GeV, which can be measured in future high luminosity J-PARC experiments.
It is worthy mentioned that the contributions from neutral P c resonances are proportional to the branching ratios of J/ψN and πN decay modes. In Ref. [35] , the low limit of P c → J/ψN ratio is assumed to be 5%. If the same low limit is employed, the present calculated total cross sections will reduce by a factor of 2, however the clear bump structures remain. For the cutoff parameter of P c states, a relatively small value is employed, which is more suitable for heavy meson production [35, 55] . If this value increases, the contributions of two P c states will become larger. Actually, the form factor is approximate equal to 1 at resonance energy regions despite of the cutoff value, since q 2 − M 
IV. SUMMARY
In this paper, the π − p → J/ψn reaction is studied, within an effective Lagrangian approach, in order to search for the neutral hidden charm pentaquark P c states. The background contribution mainly comes from t-channel π and ρ meson exchanges. For s-channel diagram, the P c states with different spin parity assignments are calculated and analyzed. We find that the two states contribute clear bump structures in the total cross sections. Moreover, we also get that the differential cross sections of the P c states have significant divergences from background contribution and we explicitly show the different behaviors among the four spin parity assumptions. Those specific features of the angular distributions, together with the total cross sections with clear peak structures in the magnitude of 1 µb at c.m. energy 4.38 GeV and 4.45 GeV, can be tested by future experiments in J-PARC. 
